Background: Taste disorder is a common problem in patients with chronic kidney disease and end-stage renal disease. Specifically, salty taste disorder is associated with excess salt intake. Many factors affect taste activity; however, data focused on peritoneal dialysis (PD) patients are limited. This study aimed to investigate the distribution of the gustatory threshold for salty taste and to clarify its relevant contributing factors in PD patients. Methods: In this retrospective cross-sectional study, we enrolled 22 PD patients who were assessed for their detection and recognition thresholds for salty taste using salt-impregnated test strips. We investigated the distribution of the detection and recognition thresholds and analyzed their relevant factors.
Background
Salt is essential for maintaining homeostasis. However, excess salt intake is associated with various adverse events including hypertension, stroke, cardiovascular disease, and all-cause mortality [1, 2] . Specifically, most chronic kidney disease (CKD) and end-stage renal disease (ESRD) patients are sensitive to salt, and excess salt intake accelerates kidney disease progression in these patients [3] [4] [5] . Thus, dietary salt restriction is recommended to prevent the deterioration of renal function in CKD and ESRD patients [6] [7] [8] . However, adherence to a salt-restricted diet is not frequently achieved despite these recommendations [9] . Nonadherence to salt restriction appears to be a complex problem because previous studies showed that patients face multiple barriers when salt intake is restricted, including (i) reduced palatability of low-salt foods, (ii) inconvenience or difficulty in preparing a low-salt diet, and (iii) lack of knowledge or understanding of the benefit and practice of a low-salt diet [10] . In addition to these factors, taste disorder is known to be associated with the amount of dietary salt intake [11, 12] .
Taste disorder including salty taste disorder is a common problem in CKD and ESRD patients [13, 14] . It is not certain what induces taste disorder in CKD and ESRD patients; however, many factors are thought to affect taste activity in this patient population. Previous studies showed that zinc deficiency and uremia led to taste disorder, and zinc supplement and implementation of hemodialysis (HD) improved taste activity [15, 16] . Moreover, excess salt intake itself was reported to increase the gustatory threshold for salty taste, and salty taste disorder was improved by salt restriction in CKD patients [17] [18] [19] . Furthermore, decreasing taste buds and increasing salivary urea associated with azotemia are related to taste disorder in CKD and ESRD patients [20, 21] . Some causes of salt taste disorder in these patients are modifiable; for this reason, diagnosis and treatment for salty taste disorder might be effective strategies to achieve salt restriction.
Peritoneal dialysis (PD) is one of the renal replacement therapies for ESRD, and it has been reported that salty taste activity is decreased in PD patients [22] . However, little is known about the relationship between clinical factors and the gustatory threshold for salty taste in PD patients since previous studies are mainly focused on CKD or HD patients. Therefore, in this study, we investigated the distribution of gustatory threshold for salty taste and aimed to clarify its relevant factors in PD patients.
Methods

Patient selection
We perform nutritional guidance for PD patients at least once a year at our hospital, and as part of this usual guidance, we assessed the recognition threshold for salty taste using salt-impregnated test strips since 2015. In this retrospective, cross-sectional study, we enrolled 22 PD patients who were assessed for their gustatory threshold for salty taste with nutritional guidance in a university hospital between October 2015 and January 2017. All patients had never been diagnosed with taste disorder. We excluded patients who received a combination therapy with both PD and HD, had active infection, or could not respond to the kind of taste they recognized (e.g., dementia).
Data collection
We collected clinical data from medical records at the first time of taste assessment and at the time of the first peritoneal equilibration test during the study period. Peritoneal equilibration test and measurement of daily salt excretion were carried out while patients were hospitalized. Results of these examinations were also collected (within 1 year from taste assessment). Daily salt excretion, which represents daily salt intake, was calculated as daily urinary salt excretion plus daily peritoneal salt removal.
Assessment of gustatory threshold for salty taste
For the assessment of gustatory threshold for salty taste, a salt-impregnated taste strip Salsave (Advantec Tokyo Co. Ltd, Tokyo Japan), which is impregnated with various salt concentrations (0.6, 0.8, 1.0, 1.2, 1.4, and 1.6 mg/cm 2 ; normal range, 0.6 to 0.8 mg/cm 2 ), was used [23, 24] . Salsave has been validated using the whole-mouth method as a standard [23] . Assessment was performed according to the manufacturer's instruction. Briefly, the subjects were first asked to rinse their mouths with distilled water to neutralize oral conditions as much as possible. They were then asked to place a strip saturated with 0 mg/cm 2 salt chloride on their tongue for 3 s to familiarize themselves with the taste of a blank strip. Patients were asked to place a strip on their tongue, and the lowest concentration at which patients could detect some kind of taste, but could not recognize the kind of taste, was considered the detection threshold. The lowest concentration at which patients identified the salt taste was taken as the recognition threshold. Patients who could not detect or recognize taste, even at the highest concentration level (1.6 mg/cm 2 ), were assigned a detection or recognition threshold of 1.8 mg/cm 2 .
Statistical analysis
To investigate the clinical parameter associated with detection and recognition thresholds, we divided the PD patients into two groups according to the normal value. The normal value of detection threshold was below 0.6 mg/ cm 2 , and recognition threshold was below 0.8 mg/cm 2 [25] . Therefore, the detection threshold was divided into the normal (≦ 0.6 mg/cm 2 , n = 7) and high (≧ 0.8 mg/cm 2 , n = 15) detection group. Then, the recognition threshold was divided into the normal (≦ 0.8 mg/cm 2 , n = 5) and high (≧ 1.0 mg/cm 2 , n = 17) recognition group. The Fisher's exact test was used to test of independence between two nominal variables. The Wilcoxon rank-sum test was used for the test of association between a nominal variable and a continuous one. Statistical hypotheses were tested with the significance level of 0.05. The clinical factors related to high detection and recognition thresholds were mined using C5.0 (Quinlan JR, RuleQuest.com, last accessed: July 18, 2019) that is a cluster entropy-based partitioning method. Because of the small sample size of this study, we did not include boosting within the algorithm. Statistical analyses were performed using JMP version 13 software (SAS Institute Inc., Cary, NC, USA) or R, a language and environment for statistical computing (R Foundation for Statistical Computing, Vienna, Austria).
Results
Patient characteristics
The clinical characteristics of PD patients are shown in Table 1 . The median age of patients was 63 (55-78) years, and 10 patients were men (45.5%). The median PD duration was 26 (6-62) months. The primary causes of ESRD were nephrosclerosis (36.4%), chronic glomerulonephritis (27.3%), and diabetic nephropathy (13.6%). Systolic blood pressure was relatively controlled (133 [122-144] mmHg). Daily salt excretion, which represents daily salt intake, was relatively high (8.0 [6.5-11.2] g/day). Serum zinc was relatively low (62 [55-77] mg/ dL). The total Kt/V urea (dialytic + residual) was 1.98 (1.79-2.37), which implied that low solute clearance was enough.
Distribution of detection and recognition threshold for salty taste in PD patients
As shown in Table 1 , the median detection and recognition threshold for salty taste were both high (0. Clinical parameters associated with detection and recognition threshold for salty taste in PD patients Clinical parameters associated with gustatory threshold for salty taste in PD patients are shown in Table 2 . High detection threshold group was associated with young age, long duration of PD, high serum P, and high TSAT. Furthermore, high recognition group was associated with long duration of PD, high serum P, high serum Cr, high serum β 2 microglobulin, high peritoneal Kt/V, and low residual renal Kt/V. However, with both high detection and high recognition thresholds, the association of neither serum zinc nor daily salt excretion, which were previously reported to be related to taste disorder, was significant. Data are shown as n (%) or median (interquartile range) Alb albumin, APD automated peritoneal dialysis, BP blood pressure, BUN blood urea nitrogen, Ca calcium, CAPD continuous ambulatory peritoneal dialysis, Cl chloride, Cr creatinine, CRP C-reactive protein, CTR cardiothoracic ratio, ESRD end-stage renal disease, Hb hemoglobin, K potassium, Na sodium, P phosphorus, PD peritoneal dialysis, PTH parathyroid hormone, TP total protein, TSAT transferrin saturation, UA uric acid, Zn zinc
The exploratory mining for the discriminative model of the taste disorder
The discriminative model of the high detection and recognition thresholds was mined via C5.0 decision tree. The candidates of explanatory variables were selected via criteria of p value < 0.05, in the hypothesis testing of which results are shown in Table 2 . The results were shown as decision trees (Figs. 2 and 3) ; it shows that either having with high serum P (> 5 mg/dL) or long duration of PD (> 30 months) was the discriminative factor of high detection threshold (Fig. 2) , whereas either having with low renal Kt/V (≤ 0.88) or long duration of PD (> 28 months) was the discriminative factor of the high recognition threshold (Fig. 3 ).
Discussion
In this study, we investigated the distribution of the gustatory threshold for salty taste, using the salt-impregnated test strip Salsave, and then analyzed the factors relevant to salty taste disorder in PD patients. Our results showed that the gustatory threshold for salty taste was increased in these patients. In addition, we found that either having with high serum P or long duration of PD, and with low renal Kt/V or long duration of PD were discriminative factors of high detection threshold and high recognition threshold, respectively, via the data mining following the univariate analysis. Previous reports found that the prevalence of taste disorder among CKD and ESRD patients ranged from 31 to 95% [26, 27] , whereas among the general population aged 40 years old or older, only 26% of adults had salty taste disorder [24] . Similarly, our results showed that 82% of PD patients had high recognition threshold for salty taste. Surprisingly, most PD patients in our study were not aware of their taste disorder before the taste assessment. These results suggested that PD patients have a high risk of salty taste disorder.
The causes of taste disorder in CKD and ESRD patients are not fully investigated; however, many factors such as uremic toxins, zinc deficiency, and high salt intake itself were reported [15] [16] [17] . Uremic toxins were reported to cause reduction in taste activity via neuropathy [28] . In CKD patients, uremic toxins in the saliva were increased [20, 29] , and elevated salivary uremic toxins may play a part in taste disorder. In the present study, the univariate analysis showed that high serum uremic toxins (Cr and β 2 microglobulin) were associated with high recognition threshold, but urea was not associated with it. Furthermore, the partition analysis via C5.0 algorithm showed that either having with low renal Kt/V or long duration of PD (> 28 months) was the discriminative factor of high recognition threshold. Renal Kt/V is the marker of small molecular weight uremic toxin removal and is assessed by urea removal and urinary volume. However, the univariate analysis showed that both urea and urinary volume were not associated with recognition threshold. Thus, small molecular weight uremic toxin (other than urea) may affect salty taste activity in PD patients. On the other hand, from univariate analysis, middle or large molecular weight uremic toxins (including β 2 microglobulin) may also have an effect.
Unlike high recognition threshold, the result of mining via C5.0 showed that subjects with high detection threshold were discriminated by having with high serum P or long duration of PD (> 30 months). In CKD and ESRD patients, a limited number of studies have reported the relationship between serum P and taste disorder, and a previous study showed that Fig. 1 Distribution of detection and recognition threshold for salty taste in PD patients. Of the PD patients, 68% presented with a detection threshold above 0.8 mg/cm 2 , and 14% could not detect salty taste, even at the highest concentration level (1.6 mg/cm 2 ). Eighty-two percent of the PD patients presented with a recognition threshold above 1.0 mg/cm 2 , and 55% could not recognize salty taste, even at the highest concentration level. The normal range of detection threshold is ≦ 0.6 mg/cm 2 and that of recognition threshold is ≦ 0.8 mg/cm 2 serum P was not related with taste disorder in HD patients [30] . In CKD and ESRD patients, serum P level was affected by various factors including diet, drugs, and endocrine hormone; therefore, these factors might have affected the detection threshold in PD patients. Data are shown as n (%) or median (interquartile range) Fisher's exact test was used to compare nominal variables, and Wilcoxon rank-sum test was used for continuous variables Alb albumin, BP blood pressure, BUN blood urea nitrogen, Ca calcium, Cl chloride, Cr creatinine, CRP C-reactive protein, CTR cardiothoracic ratio, Hb hemoglobin, K potassium, Na sodium, P phosphorus, PD peritoneal dialysis, PTH parathyroid hormone, TP total protein, TSAT transferrin saturation, UA uric acid, Zn zinc
In the present study, factors that affect recognition and detection thresholds varied. A previous study also showed that the factors that affect recognition and detection thresholds are different. However, as with uremic toxin, serum P is efficiently removed by the residual kidney [31] . Furthermore, duration of PD was related with both recognition and detection threshold. Residual renal function declines over time in PD patients [32] . Thus, residual renal function might affect both detection and recognition threshold for salty taste. On the contrary, salt intake is associated with an undetectable recognition threshold in CKD patients [19] ; thus, we think that recognition threshold is also more important than detection threshold in PD patients.
Although zinc deficiency is known as the common cause of taste disorder in renal disease patients [15, 27] , there was no relationship between serum zinc and salty taste threshold in our results. Although one previous study showed that zinc supplement did not improve taste activity in HD patients [33] , zinc deficiency may not contribute to taste disorder as much as reported previously. In addition, high salt intake itself was known to be associated with salty taste disorder [11] . In this study, we evaluated the amount of salt excretion when patients took low-salt diet during hospitalization. Thus, the amount of salt excretion might be affected by hospital diet, and we could not find the association between the amount of salt excretion and recognition threshold for salty taste.
In this study, we measured the gustatory threshold for salty taste by a salt-impregnated taste strip Salsave. Many methods for taste assessment, such as wholemouth method, micropipette method, and electrogustometry, are available, but most of them are complex tests that are not appropriate for routine clinical screening [19] . On the contrary, the Salsave examination can be easily performed in the clinical setting and does not require special training. Since the gustatory threshold assessed by Salsave is semi-quantitative and subjective, there is a concern about the accuracy of the taste threshold. However, the magnitude of the recognition threshold for salty taste measured by Salsave was reported to correlate with the results of other taste tests including electrogustometry [23] . Therefore, we consider that the gustatory threshold in this study reflects the true taste activity.
This study has several limitations including those mentioned above. First, we did not assess oral conditions that affected taste activity such as salivary composition, number of taste buds, and dry mouth. Thus, we could not exclude the possibility that oral conditions affected the taste activity in this study. Second, this study has a very small sample size, and we could not exclude the existence of unrecognized confounding Fig. 2 The decision tree for high detection threshold for salty taste. Inf = infinity; p = p value from the Fisher's exact test to assess the association between detection threshold and serum P, duration of PD, or TSAT factors that affect the observed associations. Third, this was a retrospective cross-sectional study; hence, causal relationships between salty taste recognition threshold and residual renal function cannot be conclusive. A large and prospective study is needed to investigate whether residual renal function is the cause of salty taste disorder.
Conclusion
This study showed that the gustatory threshold for salty taste was increased in PD patients. High detection threshold was related to high serum P, and high recognition threshold was related to low renal Kt/V. Based on these findings, it is important to assess the gustatory threshold for salty taste in PD patients, particularly in those with high serum P and low renal Kt/V. In addition, the assessment of the gustatory threshold for salty taste might help implement salt-restricted diet in PD patients. 
